The investigation was carried out to ascertain the cause of mass mortalities in European perch (Perca fluviatilis L.) in North
Introduction
During October and November 2008, massive mortalities of European perch (Perca fluviatilis L.) occurred in three North Lithuanian rivers: Lėvuo, Mūša and Nevėžis. The death of fish peaked at low (6ºC) water temperatures and continued till December. Chemical pollution in the rivers was tested, and no differences between rivers were found [Report of Hydrometeorology Service of Lithuania, unpublished data, 2008]. The incidence of parasitic and viral infections in perch did not increase during this period [Report of Lithuanian National Food and Veterinary Risk Assessment Institute, http://www. balsas.lt/naujiena/222156].
Disease occurrence in fish and fish populations is considered to depend on the interaction of several variables [1] , including the quality of the environment, differential susceptibility of individuals to pathogen and the presence and virulence of pathogens [2] . Importantly, the physiological state of individual members of the host population predetermines susceptibility to disease [3] . Morphological (body weight, body length and tissues weight), morphophysiological (tissue-somatic indices and condition factor), biochemical and haematological parameters in fish are considered to be sensitive and relevant biomarkers for the evaluation of negative impacts of changing environments [4] .
Bacterial pathogens cause mortality, especially of cultured fish but occasionally of wild fish as well [5] [6] [7] [8] . Bacterial pathogens of fish form a diverse group and are mainly represented by Gram-negative bacteria. A few bacteria are able to cause disease as primary pathogens: highly aggressive Gram-negative bacteria like Vibrio anguillarum, Aeromonas salmonicida subs. salmonicida and Yersinia ruckeri cause septicaemias where the bacteria are recorded in virtually every organ. Typical lesions include skin and petechial haemorrhage on the visceral surfaces, hyperaemia, ascites and exophthalmia [9] . However, not all bacteria are primary pathogens; many are categorized as opportunistic pathogens, which colonize and cause disease in already weakened hosts. The initial weakening process may involve pollution or a natural physiological state (e.g. during the reproductive phase) in the life cycle of the fish [10] . The occurrence and development of fish disease is the result of the interaction among pathogen, host and environment [11] .
Few reports are available on the disease of farmed and wild European perch, Perca fluviatilis L. McCarthy (1975) describes an epizootic of sub-acute furunculosis caused by A. salmonicida among perch in a drainage channel in May 1972. The epizootic waned with the onset of colder weather but reappeared in similar form during the summer of 1973 [12] . A. hydrophila has been reported to cause mass mortality of perch in Lake Annecy (Haute-Savoie, France) during the summer of 1979. About 33% of the perch had hemorrhagic and ulcerative lesions, mainly localized on the abdominal area [5] . In Switzerland, in the years 2000, 2001, 2003 and 2004 , motile aeromonad septicaemia caused by A. sobria was identified as the cause of significant losses on a farm raising perch in a lake [6] . Large reddish-coloured skin lesions combined with fin rot were observed on the fish. Mortality of farmed perch occurred primarily during the cold season, and the outbreaks of disease coincided with the changes in water temperatures and rough weather conditions (winter storms) that may have stressed the fish and rendered them more susceptible to infection [6, 13] .
The aim of this study was to evaluate the physiological status of fish, to determine the viable bacterial count in internal organs and to identify dominant bacterial isolates which could be the cause of the mortality in European perch in North Lithuanian rivers.
Experimental Procedures

Fish sampling
Live perch were caught from the Nevėžis River (55º09'24", 23º48'22"), the main site of disease outbreak and high mortality of the perch, (infected group of 32 fish specimens) in November 2008, and from the Savenes River outflowing from the Kazimieravo Lake (54º56'34", 25º10'31") where no mortality of perch was registered (non-infected group of 15 fish specimens). Perch were caught using gill nets with a mesh size 12 mm and using standard electrical fishing gear [14] . The fish were transported in aerated tanks to the laboratory and kept alive in aerated aquaria until examination.
Morphophysiological and haematological examination
The state of fish was assessed by use of biological parameters. Morphological parameters studied were: mean body weight (Q, g; q, g), mean body length (L, cm; l, cm) and weight of spleen, gills, liver and heart (g). Morphophysiological parameters evaluated included: condition factor (CF), spleen-somatic index (SSI), gill-somatic index (GSI), liver-somatic index (LSI) and heart-somatic index (HSI). Tissue-somatic indices were calculated using the following formula [15] : Tissue-somatic index = [tissue weight (g) ÷ weight of fish without viscera (g)] ÷ 100% For each fish, the erythrocyte count (RBC, 10 6 mm -3 ), the haemoglobin concentration (Hb, g l -1 ), the haematocrit level (Hct, l l -1 ) and the leukocyte counts (WBC, 10 3 mm -3 ) were determined using routine methods [16] .
Bacterial sampling
Samples for bacteriological analysis were collected from 15 non-infected and 20 infected fish. Sterile instruments were used to collect samples from the gills, liver and kidney. Samples were weighed and homogenized in a ninefold volume of a diluent of phosphate-buffer (PB; 10 mmol l -1 phosphate, pH 7.2). Each sample was serially diluted and 0.05 ml portions of diluents were spread over duplicate plates on tryptone soya agar (TSA, Oxoid). Bacterial colonies were counted (colony forming units, c.f.u.) after incubation at 22ºC for 72 h under aerobic conditions. Afterwards, twenty colonies, representing dominant morphological features per plate, were selected from liver (ten isolates) and kidney (ten isolates) samples of infected perch and restreaked three times onto fresh media in order to obtain pure isolates.
DNA extraction
Pure bacterial cultures (20 test strains) were cultivated in tryptone soya broth (TSB, Oxoid) for 2 days. The bacterial culture was centrifuged for 10 min at 5031 × g. A total of 10-20 mg of the bacterial culture was placed in a 1.5-ml microcentrifuge tube and resuspended in 200 μl of TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). Total genomic DNA was extracted using a Genomic DNA Purification Kit (Fermentas, Vilnius, Lithuania).
REP-PCR
The total genomic DNA of 20 strains was used as a template in REP-PCR performed with the BOXA1R primer (5-CTA CGG CAA GGC GAC GCT GAC G-3) [17] . The reaction mixture (50 µl) contained 10× PCR buffer with (NH 4 ) 2 SO 4 (Fermentas, Vilnius, Lithuania), 2 mM dNTP Mix (Fermentas, Vilnius, Lithuania), 25 mM MgCl 2 , 1 ng of genomic DNA and 5 U of Taq polymerase (Fermentas, Vilnius, Lithuania). Amplification was performed in a PCR Thermal Cycler as follows: after the initial denaturation step (95°C, 2 min), 29 cycles of denaturation (95°C, 1 min), annealing (53°C, 2 min) and extension (72°C, 3 min) were performed, followed by a single final extension (72°C, 7 min). PCR products were separated by horizontal gel electrophoresis on a 1% agarose gel (Fermentas, Vilnius, Lithuania) containing 0.5 g ml -1 ethidium bromide. GeneRuler TM 100 bp DNA Ladder Plus (Fermentas, Vilnius, Lithuania) was used for gel electrophoresis. The amplimers were visualized and photographed under UV light.
Amplification of partial 16S rRNA gene sequences
Universal bacterial 16S rDNA primers w001 F8 (5'-AGA GTT TGA TCM TGG CTC-3') and w002 R1509 (5'-GNT ACC TTG TTA CGA CTT-3') [18] were used to amplify a fragment of 16S rDNA 1500 bp in length. The PCR reaction mixtures contained 10× PCR buffer with (NH 4 ) 2 SO 4 (Fermentas, Vilnius, Lithuania), 2 mM dNTP Mix (Fermentas, Vilnius, Lithuania), 1.5 mM MgCl 2 , 20 pmol of each primer, 1 ng of DNA in 10 μl and 1 U of Taq DNA polymerase (Fermentas, Vilnius, Lithuania) in a total volume of 50 μl. PCR reactions were performed using initial denaturation for 3 min at 95°C followed by 30 cycles of denaturation for 3 min at 95°C, primer annealing for 1 min at 50°C, and primer extension for 2 min at 72°C. This procedure was followed by a final extension reaction at 72°C for 10 min. For negative controls of PCR reactions, sterile distilled H 2 O instead of DNA was used. The products were electrophoresed on a 1% agarose gel and viewed by ethidium bromide staining. Bands of 1500 bp were excised and eluted with a Cyclo-pure gel extraction kit (Amresco, Solon, OH, USA).
Phylogenetic analysis of rDNA sequences
DNA sequence analysis was performed on an ABI Prism model 377 automated DNA sequencer ABI (Perkin Elmer Applied Biosystems, Foster City, CA, USA). The w001 F8 (5'-AGA GTT TGA TCM TGG CTC-3'), w002 R1509 (5'-GNT ACC TTG TTA CGA CTT-3'), w007 R1100 (5'-CTC GTT GCG GGA CTT AAC-3'), w010 F340 (5'-ACT CCT ACG GGA GGC AGC A-3'), w012 R700 (5'-TAC GCA TTT CAC CKC TAC A-3') and w015 F777 (5'-AGC RAA CAG GAT TAG ATA C-3') were used for sequencing the fragment of 16S rDNA 1500 bp in length. Sequence data were confirmed and sequence ambiguities resolved where possible by manual scanning of the individual chromatograms. Similarity searches were performed using the BLAST program [19] . In phylogenetic tree analyses, sequences were aligned using MEGA4 (http://www.megasoftware.net). Sequences were analyzed against 16S rRNA gene sequences from GenBank [20] . Phylogenetic trees were generated by the neighbor-joining method [21] with bootstrap resampling (data resampled 1000 times) to assess the degree of support for the phylogenetic branching indicated by the optimal tree.
Nucleotide sequence accession numbers
The 16S rRNA gene sequences were deposited in the DDBJ/EMBL/GenBank databases under the following accession numbers: GQ869645-GQ869652; GQ996601-GQ996602.
Statistical analysis
The statistical analysis of the data was performed with SPSS 10.0 software. Student's t-test was used for all comparisons of parameters between groups of fish.
Results
Morphophysiological parameters
The body weight of the infected European perch collected from the Nevėžis River ranged from 16.63 to 72.13 g and the body length from 12.2 to 18.4 cm. Visual examination did not indicate any external or internal changes in the bodies of infected fish. Significant differences were found in CF and tissuesomatic indices of non-infected and infected fishes ( Table 1) . The haematological parameters of infected European perch varied within wide ranges as compared to indices of fish collected from the Savenes River, where no mortality of perch was registered. The most remarkable ranges were found in the number of WBC, therefore, data obtained were divided into two groups depending on the blood leukocyte count 
* -values significantly different from non-infected group values (P≤0.0001).
( Table 2 ). The first group (group I) consisted of fish for which the haematological parameters, including the haemoglobin concentration and the haematocrit level, did not differ significantly from those of non-infected perch. However, in the first group the erythrocyte count was significantly increased, and the leukocyte number was strongly elevated (P≤0.0001) ( Table 2) . The second group (group II) consisted of fish, the haemoglobin concentration and the haematocrit level of which were insignificantly lower, whereas WBC count was significantly decreased compared with that of non-infected perch and values of group I infected fish (P≤0.0001).
Bacterial count
The viable bacterial counts in the gill, liver and kidney of infected perch samples ranged from 2.3±0.3 x 10 3 to 6.3±0.4 x 10 3 c.f.u./g, whereas in non-infected perch the values ranged from 1.0±0.8 x 10 to 2.3±0.3 x 10 c.f.u./g ( Table 3 ). 90% of colonies on TSA plates from infected perch samples were surrounded by a dark-brown diffusible pigment.
REP-PCR
PCR-based methods of fingerprinting take advantage of the presence of repetitive sequences that are interspersed throughout the genome of bacterial species. This technique is an adequate tool for the characterization and identification of the isolated strain [22] . Figure 1 shows typical fingerprints for perch liver (Lanes 2-11) and kidney (Lanes 12-21) test isolates generated by REP-PCR with primer BOX-A1R. The profiles of the 20 isolates showed multiple DNA bands corresponding to sizes ranging from approximately 100 to 3000 bp. The banding patterns were diverse. However, it was evident that most isolates are related to each other (Figure 1 , Lanes: 2-9; 12; 14-18) and could therefore represent the same species.
Identification of bacterial isolates from infected perch by 16S rDNA sequence and phylogenetic analyses
The REP-PCR with primer BOX-A1R results ( Figure 1 ) were confirmed by DNA sequencing. Ten isolates (K2-M1, K2-M2, K2-M2, K2-M7, K2-V1, K2-V2, K2-V5, C1-3, C1-4, C1-5) were selected from the internal organs of infected perch for sequencing of the 16S rRNA gene. Seven isolates' sequences were most closely related to Aeromonas salmonicida subsp. salmonicida. Sequence similarity to GenBank sequences was 99-100% ( Table 4 ). The other three isolates' sequences were very closely related to Shewanella putrefaciens (similarity 99%). 16S rDNA sequencing isolates from infected perch showed that A. salmonicida subsp. salmonicida was the most represented species. The phylogenetic tree analysed by the neighborjoining method indicated that sequences were characterized as A. salmonicida subsp. salmonicida and Shewanella putrefaciens (Figure 2) Table 2 . Haematological parameters of non-infected and infected European perch Perca fluviatilis (mean ± SEM). Table 3 . Viable bacterial counts in the gill, liver and kidney of non-infected and infected European perch Perca fluviatilis (mean ± SD). 
**values significantly different from non-infected group values (P≤0.01, 0.02), * values significantly different from non-infected group values (P≤0.0001).
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Discussion
Significant alterations in tissue-somatic indices, condition factor and some haematological parameters were detected in infected perch as compared to noninfected perch from the Savenes River, where no mortality of fish was registered. This is in accordance with Facey et al. [15] and Yang & Baumann [23] who showed that fish condition factor and tissuesomatic indices are sensitive parameters to adverse environmental affects and can be considered general health indicators in fish. The differences and specificity of alterations in haematological parameters were also shown to depend on disease duration and fish species [24, 25] . In our study, the most pronounced changes, although in the opposite direction, were detected in the WBC count of infected fish. A 2.5-fold elevation of the WBC count observed in the blood of fish in group I could be evidence of intensified leukopoiesis. The perch in this group either were in the initial stages of infection or, alternatively, had survived the infection and were sampled in the recovery phase. In contrast, leukopenia, which is reported in many fish diseases [24] , was observed in group II. Thus, low WBC count could probably be considered a marker for increased risk of infection in European perch.
The bacterial disease was obviously demonstrated by a viable bacterial count (c.f.u./g) in the internal organs of infected perch which was more than 300 times higher than the bacterial count in the same organs of non-infected fish.
Genomic fingerprinting of bacteria by amplification of repetitive elements has been used widely for the characterization, identification and differentiation of strains in various fields of microbiology, taxondependent typeability and discrimination. BOX elements were subsequently found in various bacterial species [26] . BOX-PCR was successfully applied to differentiation between the strains of Streptococcus pneumonia [27, 28] Bacillus anthracis and B. cereus [29] , Bifidobaterium species [30] , members of Streptomyces [31] and Aeromonas species [22] . According to Tacao et al. (2005) , BOX-PCR fingerprinting is applicable for Aeromonas strains and can be a useful complementary tool for epidemiological studies of the members of this genus [22] . In our study fourteen out of twenty isolated BOX-PCR profiles were related, and 16S rRNA sequencing predominantly identified A. salmonicida subsp. salmonicida. This pathogen is a well known causative agent of furunculosis, severe septicemia and acute mortality in susceptible salmonid and other fish species [10] . Aeromonads produce a range of potential virulence factors. These factors include bacterial surface structures such as the surface layer or A-layer protein [32] , lipopolysaccharide [33] and type IV pili [34] . Additionally, the bacterium also secretes a number of extracellular proteins, including haemolysins [35] and proteases [36] . A type III secretion system (TTSS) has also been identified in A. salmonicida subsp. salmonicida Strain JF2267, a strain originally isolated from Arctic char Salvelinus alpinus presenting typical furunculosis symptoms [37, 38] . Studies relating to Aeromonas virulence have identified a type III secretion system in A. salmonicida subsp. salmonicida [38] . This system is responsible for the translocation of the ADPribosylating toxin, AexT, into the cytosol of target fish cells and is associated with the pathogenicity of the bacterium [37, 39, 40] .
Three other isolates were most closely related to S. putrefaciens. S. putrefaciens has been known as an opportunistic pathogen of sea fish capable of reinfecting healthy fish and, thus, causing high mortality [10] . S. putrefaciens has also been isolated from freshwater fish (common carp Cyprinus carpio L. and rainbow trout Oncorhynchus mykiss) and was described as a potential pathogen [41] .
A. salmonicida subsp. salmonicida was dominant in isolates from internal organs of European perch from North Lithuanian rivers during mass mortalities in year 2008. Thus, we conclude that most likely, this bacterium has the potential to act as a primary pathogen of European perch. However, the mode of infection, the nature of pathology and the degree of mortality are interrelated with the quality of environmental parameters and are furthermore affected by the age and innate resistance of the host [42] . Unfortunately, there are no possibilities to control these processes in natural waterways.
